1 before second fruit-expansion stage. SUT and SOT promoted synthesis and intake of sugars into fruit during UVB treated. The protected cultivation of peach (Prunus persica L.) trees is more economical and contents of these enzymes were measured by enzyme-linked immunosorbent assay.
volume was 10 μ L and the sensitivity was 4 aufs.
0 6
Organic acid analyses of pulp were carried using a Waters series 515 2 0 7 chromatography unit (HPLC) equipped with two 515 pumps and a 2487 dual UV 2 0 8
detector at a wavelength of 210 nm. The chromatographic separation of organic acids 2 0 9
was carried out using NH 4 H 2 PO 4 (10 mmol/L, pH 2.3) and methanol (98:2, v/v) as the 2 1 0 mobile phase, with a flow rate of 0.8 mL per min, and samples were injected onto a 2 1 1
Thermo Hypersil GOLD aQ (4.6 mm×250 mm) column. Operating conditions were as 2 1 2 follows: column temperature was 28°C, injection volume was 10 μ L, and the 2 1 3 sensitivity was 0.5 aufs. Samples of peach sarcocarp and leaves were extracted in phosphate buffered saline 2 1 8
(pH 7.4; TransGen Biotech, Beijing, China) (1:9, m/v) and fully homogenized.
1 9
Enzyme liquid was stored at −20°C for no more than 7 days before being used. Biotechnology Co., LTD, Beijing, China), following the manufacturer's protocol.
4
Additionally, the same methods were used to measure the sugar transporter-related protein contents, including SUT, STP and TMT. Pectinase activity was determined by ELISA method sames as sugar 2 2 7 metabolism-related enzyme. Gene identification and primer design
The sugar metabolism-related genes investigated, PpSUS, PpSPS, PpCWINV,
PpNINV and PpVAINV, and the sugar transporter genes investigated, PpSUT, PpSTP
and PpTMT, were identified in Vimolmangkang et al. (2015) . The sorbitol 2 3 3 metabolism-related genes investigated, PpS6PDH and PpSDH, were identified in the 2 3 4
NCBI database. We searched the peach genome's annotated database to identify sugar 2 3 5 metabolism-related genes (Verde et al., 2013) . The coding sequences of these genes 2 3 6
were further compared against the peach draft genome using the BlastN algorithm,
and the genome sequences of sugar metabolism-related genes in peach were 2 3 8
downloaded from P. persica v2.1 of the Phytozome database (https : // phytozome. Jgi. Doe. gov/pz/portal. html). Primer 3 (http: //bioinfo. Ut. ee/primer3-0. 4.0/) was used
for primer design. Primer sequences for this study are shown in Table S1 . 
RNA isolation and qRT-PCR analyses
Total RNA was extracted from 500 mg of sarcocarp, pericarp and leaves using an Prime Script RT reagent kit with gDNA Eraser (Takara, Dalian, China). The qRT-PCR annealing and extension (Vimolmangkang et al., 2015) . The specificity of the PCR 2 5 3
was assessed by the presence of a single peak in the dissociation curve after the amplification efficiencies equivalent to that of the reference actin gene (Graeber et al.,
2011). Each experiment was repeated at least three times using the same cDNA 2 5 8
source.
5 9
The fluorescence quantitative CT values of PpCWINV1, 2, 3, 6, PpNINV5, 6 and
PpTMT3,4 from leaf, pericarp and fruit were greater than 35; therefore, we assumed 2 6 1 that they were not expressed in the tested peach variety. All assays were conducted with three or more biological replicates. and reducing the acid content of the peach variety 'Tainongtiamnmi' in the three 2 7 7
UV-B radiation intensities used in this study (Fig. 2) . Its total sugar content was 1.5
times as much as that of the control. control (Fig. S2 ).
8 6
The fruit color of sarcocarp and pericarp were significantly enhanced after UV-B 2 8 7 treatment during the ripening stage (Fig. 3A, 3B ). The anthocyanin contents in flesh 2 8 8
and peel were significantly elevated compared with those in the control (Fig. 3C, 3D ).
8 9
After treatment with UV-B, there was no obvious law of change in the chlorophyll 1 4 the neo-chlorogenic acid content was greater than in the control (Fig. S4C ).
9 8
Change in sugar content during UV-B treatment of 'Lumi 1'
After UV-B treatments, the total sucrose and sugar content levels increased compared
with those of the control at the first fruit-expansion and slow-growth stages in 3 0 1 sarcocarp (Fig. 4A) . Consistently, the sugar-acid ratio was twice as much as control at 3 0 2 late of slow-growth stage stage (Fig. 4B ). Fructose and glucose in pulp were not 3 0 3
significantly changed (Fig. 4C) . The organic acid components and total organic acid content were decreased by UV-B at the slow growth phase (Fig. S5 ).
0 5
During UV-B treatment the changes in the sucrose and total sugar contents in
peel were not significant (Fig. 4D ). The sucrose and total sugar contents in leaf 3 0 7 mainly decreased, but the changes were not significant (Fig. 4E ). The fructose and
glucose contents in the pericarp and leaf were mainly reduced by UV-B (Fig. S6 ).
Thus, the effects on sucrose metabolism were divided into two stages, before the
second fruit-expansion stage and after the slow growth period. Changes in sucrose metabolism and transport before the second
fruit-expansion stage
The peach pulp is part of the sink tissue, therefore, the sucrose in the pulp cell was treatment the SPS enzyme activity increased was up-regulated by PpSPS2 and
PpSPS4 gene expression levels before the second fruit-expansion stage (Fig. 5A ).
1 8
Under regulation of four PpSUS genes the SUS activity was first raised and then decreased, but there were no significant declines in CWINV enzyme activity (Fig. 5C ).
2 1
Expressions of two PpVAINV genes were increased, consistently, VAINV activity was
rised compared with the control (Fig. 5D ). Expression levels of six PpNINV genes 3 2 3
were down-regulated by UV-B; therefore, the NINV activity was decreased (Fig. 5E ).
2 4
SUT content and the PpSUT genes' expression levels were decreased by UV-B 3 2 5 compared with the control (Fig. 6A ). STP's protein content was first increased, and
then decreased under the regulation of two PpSTP genes (Fig. 6B ). TMT protein
content was decreased by UV-B, by two PpTMT genes regulation ( Fig. 6C) .
SPS activity was first increased and then decreased under the regulation of four
PpSPS genes of pericarp during UV-B treatment (Fig. 7A ). SUS activity was and their gene expression levels were significantly increased by UV-B radiation ( enzymes and their gene expression levels did not change significantly (Fig. S8) . SUT expression levels were increased compared with the control (Fig. S9B,9C ). In general, the fruit sugar content increased before the second fruit-expansion In sarcocarp, SPS, SUS, CWINV and NINV activities were gradually decreased
during UV-B treatment, which were regulated by PpSPS, PpSUS, PpCWINV and
PpNINV expression levels, the VAINV activity was increased compared with that of
the control after the slow-growth period (Fig. 8) . The levels of SUT, STP and TMT proteins and their gene expression levels in pulp were decreased by UV-B (Fig. 9 ). In pericarp, the SPS and SUS activities were decreased regulated by four PpSPS
and four PpSUS gene expression during UV-B treatment (Fig. 10A, 10B ). SUT level
and three PpSUT expression levels were also decreased (Fig. 10C ). CWINV activity
and gene expression were decreased by UV-B radiation. VAINV activity, and STP and 3 5 8
TMT levels and their gene expression levels, were increased. Changes in NINV 3 5 9 activity were not observed (Fig. S10) .
In leaf, regulated by PpSPS expression the SPS activity gradually decreased. increased during UV-B treatment (Fig. S11) . The transport of sugars, SUT's protein and TMT protein levels, and PpSTP and PpTMT gene expression levels were increased (Fig. S12) .
On the whole, sugar decreased in fruit after the slow-growth period, which was cause by the inhibition of sucrose decomposition and transport in pericarp and leaf. During the UV-B treatment, in the late of slow-growth stage and mature stages, the 3 7 2 sorbitol content in fruit was significantly higher than in the control (Fig. 11A ). Compared with the control, sorbitol content in the peel and leaf was first decreased
and then increased, the changes were not significant (Fig. 11B, 11C ).
In sarcocarp, SDH activity and PpSDH expression were first decreased and then
increased compared with in the control (Fig. 12A) . The SDH activity of pericarp was
only significantly greater than the control at the early of slow-growth stage. Its compared with in the control. However, the enzymatic activity was increased in the 3 8 0 other periods, under the regulation of PpSDH (Fig. 12B) . In leaf, SDH activity was
lower than in the control at the mature stage, but this did not correlate with the 3 8 2 expression levels of PpSDH (Fig. 12C) . The sorbitol content was inversely
proportional to the SDH activity in sarcocarp, pericarp and leaf. In leaves, the SOT fruits (Fig. 13 ). S6PDH and SOX activities and the sorbitol content were not clearly 3 8 6 regulated (Fig. S13 ). anthocyanin contents of ripe peach fruits' were increased in pulp and peel, with the 3 9 5 mature fruit coloring phenotype was deepened. However, no effects of the total 3 9 6 phenol content were observed during UV-B treatment. In peach fruit, the tendency of
sugar levels is to first increase and then decrease (Vizzotto et al., 1996) , identical,
trends of sugar content in sarcocarp were not altered after UV-B radiation. After UV-B radiation supplemented with nitrogen, phosphorus and potassium, the soluble sugars peach fruit at after slow-growth stage. The Rosaceae plants' sugar metabolism is shown in Fig. 1 . In the source leaf,
first there is the photosynthetic synthesis of glucose-6-phosphate, then SPS and SUS 4 1 7
catalyze the synthesis of sucrose, which is decomposed into hexose under the of sugar transporters. In the sink fruit, sucrose is decomposed into fructose and Under salt stress, TMT2 was observed to increase in abundance (Pertlobermeyer after UV-B treatment in this experiment. Therefore, we speculate that UV-B treatment PpSUT and PpSOT genes expression during UVB treatment of peach need to be 4 7 6 determined ( Fig. 14) . We hypothesize that the application in agricultural production organic acids content. Supplementary Table S1 . List of primers used in this study.
8 3
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